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Abstract The 70% ethanolic extracts from eight neglected

fruits; Muntingia calabura, Leucaena leucocephala, Spon-

dias dulcis, Syzygium jambos, Mangifera caesia, Ardisia

elliptica, Cynometra cauliflora and Ficus auriculata were

evaluated for their 2,2-diphenyl-1-picrylhydrazyl (DPPH)

free radical scavenging, a-glucosidase inhibitory activities

as well as total phenolic content. The results of this study

revealed that M. caesia fruit extract demonstrated the most

potent radical scavenging activity. Among the fruits exam-

ined for a-glucosidase inhibitory activity, M. calabura and

F. auriculata exhibited strong activity with no significant

difference. The Pearson correlation indicated that the

activities of M. caesia and F. auriculata contributed by

phenolic compounds. A total of 65 metabolites were tenta-

tively identified by using ultra-high-performance liquid

chromatography tandem mass spectrometry (UHLPC-MS/

MS). These findings suggested that the possible application

of M. caesia and F. auriculata as a functional food with

antioxidant and a-glucosidase inhibitory properties.

Keywords TPC � DPPH radical scavenging � a-
Glucosidase inhibitory � UHPLC-MS/MS

Introduction

Diabetes mellitus (DM) is a group of non-communicable

disease that can be categorized into two types, type 1 and

type 2. In both types, the body has difficulty transporting

blood sugar to the cells, which causes glucose level in the

blood to remain elevated while the cells begin to starve

(Akhtar et al., 2018). According to the World Health

Organization (WHO) in (2018), approximately 150 million

people are currently suffering from this disease, and this

number might double by the year 2025.

Many factors can contribute to the increasing incidence

of DM, mostly are due to the oxidative stress induced by

free radical formation that can cause b-cells of the pancreas
to malfunction, insulin resistance and impaired glucose

tolerance (Akhtar et al., 2018). Moreover, the digestion of

dietary carbohydrates that release glucose also leads to

postprandial hyperglycemia (Anjum and Tripathi, 2019). a-
Amylase and a-glucosidase are crucial enzymes that

breakdown carbohydrates and help intestinal absorption

(Akhtar et al., 2018). Apart from oxidative stress and car-

bohydrates digestion lead to DM, the aging process, con-

suming unhealthy diets and a sedentary lifestyle are also

risk factors that lead to these diabetes-related illnesses.

Antioxidants are preventative treatments that can reduce

the complications associated oxidative stress (Lawal et al.,
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2017). Antioxidants are substances that stabilized free

radicals and may protect cells from undesirable changes or

cellular structure damages. Many previous studies suggest

that antioxidants and a-glucosidase inhibitors from natural

sources especially fruits may exert antidiabetic effects,

hence these natural compounds have gained the attention of

researchers worldwide (Putri et al., 2017; Muniyandi et al.,

2019). Several of the reported classes of compound that

displayed various biological effects are including pheno-

lics, tannins and anthocyanins, which are the most impor-

tant groups of secondary metabolites (Muniyandi et al.,

2019). Hence, this has led to an influx interest to study and

identify antioxidant and antidiabetic agents from natural

sources including fruits and plants (Akhtar et al., 2018).

Malaysia is recognized as a country with a vast diversity

of flora and fauna. The various species of plants, animals and

microorganisms offer a great source of nutritious food and

medicines. In addition to the commonly consumed local

plants and fruits, there are also neglected fruits species that

have the potential to act as alternative sources of micronu-

trients, and bioactive plant metabolites. In traditional medi-

cine, many of these neglected fruits have been used to treat

various diseases, such as treating wounds, hemorrhage,

dysentery, gastrointestinal problems, alleviate cold and

fever, as well as diabetes and several cancers (El-Fishawy

et al. 2011; Puangpradab et al., 2018). These fruits including

‘‘ceri hutan’’ (Muntingia calabura L. (Muntingiaceae)),

‘‘petai belalang’’ (Leucaena leucocephala (Lam.) de Wit

(Fabaceae)), ‘‘kedondong’’ (Spondias dulcis Parkinson

(Anacardiaceae)), ‘‘jambu mawar’’ (Syzygium jambos L.

(Myrtaceae)), ‘‘binjai’’ (Mangifera caesia Jack (Anacar-

diaceae)), ‘‘mata itik’’ (Ardisia elliptica Thunb. (Primu-

laceae)), ‘‘katak puru’’ (Cynometra cauliflora L.

(Fabaceae)), ‘‘ara’’ (Ficus auriculata Lour. (Moraceae)) and

others. Nevertheless, biological activity and detail metabo-

lite characterization of these neglected fruits are still lacking

and has yet to be determined. Due to this reason, the present

study aimed to determine DPPH radical scavenging and a-
glucosidase inhibitory activities as well as the total phenolic

content (TPC) of the selected local neglected fruits. In

addition, the active extracts were profiled using ultra-high-

performance liquid chromatography tandem mass spec-

troscopy (UHPLC-MS/MS) to obtain a better insight into the

chemical constituents that could be contributing to the

activity.

Materials and methods

Chemical reagents

Absolute ethanol, Folin-Ciocalteu (FC) reagent, LCMS

grade (water, methanol, acetonitrile), formic acid (FA) and

gallic acid (GA) were purchased from Merck Millipore

International (Darmstadt, Germany). Sodium carbonates,

quercetin, 2,2-diphenyl-1-picrylhydrazyl (DPPH), p-nitro-

phenyl-a-D-glucopyranose (PNPG), sodium phosphate

monobasic monohydrate, sodium phosphate dibasic, gly-

cine and a-glucosidase enzyme were obtained from Sigma

(Aldrich, Germany). Water was purified by a MiliO system

(Millipore Bedford, USA).

Fruit materials

The fruit materials (ripen stage) of M. calabura (SK

3345/18), L. leucocephala (MFI 0079/19), S. dulcis (MFI

0065/19), S. jambodpfys (MFI 0053/19), A. elliptica (MFI

0054/19), C. cauliflora (SK 1757/11) and F. auriculata

(MFI 0146/19) were obtained from Jengka, Pahang,

meanwhile M. caesia (MFI 0148/19) were collected from

Segamat, Johor in February 2018. All of the fruits sample

were authenticated by Dr. Mohd Firdaus Ismail, an in-

house botanist at Biodiversity Unit, Institute of Bioscience,

Universiti Putra Malaysia. The fruits (including peels) were

washed and sliced into small pieces then were dried in oven

(Smoke Master, Technical Cooperation, Japan) under

controlled temperature at 40 �C and left until the constant

weight achieved. The samples were then ground into fine

powder, sieved using a 250 lm and stored in the chiller at

4 �C until further use.

Fruit extraction

The extraction process was followed method by Mediani

et al. (2014) with some modification. The extraction was

carried out by weighing 10 g of the dried fruits powder and

adding 100 mL of 70% ethanol. The mixture was subjected

to sonication at controlled temperature (40 �C) using

ultrasonic bath cleaner Thermo–10D Ultrasonic Cleaner,

(Fisher scientific, USA) for 1 h and filtered using Whatman

filter paper No.1 before subjected to rotary vacuum evap-

orator (Buchi Laboratoriums Technik, Flawil, Switzerland)

to obtain the concentrated crude extract. Then, the same

procedure was repeated twice later for 30 min to obtain the

maximum yield of extraction. The crude extracts were

weighed and subjected to freeze-drying ScanVac CoolSafe

Freeze DryerTM (Labogene, Lynge, Denmark) for 3 days,

then stored in the chiller at 4 �C until further analysis.

Total phenolic content assay

This assay was performed by following to Mediani et al.

(2014) with some modifications. GA was used as a stan-

dard and a standard curve was obtained in determination

the TPC of the fruit extracts. Briefly, 20 lL of each sample

(three replicates) using six serial dilutions starting with
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100 lg/mL of a stock was mixed with 100 lL of FC

reagent in a 96-well plate. The mixture was left at room

temperature for 5 min incubation to react. After that, 80 lL
of 7.5% sodium carbonate was added to each well. Then,

the plate was incubated in the dark for 30 min before the

absorbance was measured at 750 nm using microplate

reader Tecan Infinite F200 Pro plate reader (Tecan Group

Ltd, Männedorf, Switzerland). The results were expressed

in mg of gallic acid equivalents per gram of crude extract

(mg GAE/g crude extract).

Free radical scavenging assay

The assay was performed as described by Mediani et al.

(2014). Then, 100 lL of DPPH (80 mg/L) was added to 50

lL of test extract (330-80 lg/mL) or quercetin (positive

control) in 96-well microplate and the mixture has been left

to stand in the dark for 30 min at room temperature. The

absorbance was recorded by using Infinite F200 Pro

microplate reader (Tecan, Männedorf, Switzerland) at

517 nm. All tests were performed in triplicates. The result

was expressed in IC50 value as lg/mL of crude extract,

which indicates the concentration of sample required to

scavenge 50% of DPPH free radicals.

a-Glucosidase inhibitory activity assay

The a-glucosidase inhibition assay was conducted with

some modifications as described by Lawal et al. (2017).

The fruit extracts are prepared at 100 lg/mL (stock) with

six serial dilutions. The a-glucosidase enzyme (0.02

U/well) and PNPG substrate (1 mM) were prepared in

50 mM phosphate buffer (pH 6.5). Then, a 10 lL of the

enzyme was mixed with 10 lL of the test sample and 130

lL of 30 mM phosphate buffer in 96-well plate. The

negative control was prepared by substituting the test

sample with solvent, meanwhile blank sample (140 lL of

30 mM phosphate buffer and 10 lL of sample) and blank

solvent (140 lL of 30 mM phosphate buffer and 10 lL of

solvent). The mixture was incubated at room temperature

for 5 min. Then, 50 lL of PNPG was added into each well

of test sample, negative and positive controls while the

others were loaded with 50 lL of 30 mM phosphate buffer

(pH 6.5). After a 15 min of the incubation at room tem-

perature, the reaction was stopped by adding 50 lL of 2 M

glycine (pH 10). The percentage inhibition was calculated

as % = [(an - as)/an] 9 100%, an is the absorbance dif-

ference value between negative control and the blank,

whereas as is the absorbance difference value between

sample and the blank. Quercetin was used as positive

control and analyses were performed in triplicates. The

results were expressed in IC50 value as lg/mL.

UHPLC-MS/MS analysis

The UHPLC-MS/MS analysis of the active extracts was

acquired following the method previously described by

Lawal et al. (2017). 100 mg of the extract was dissolved in

1 mL of LCMS grade absolute methanol following by

sonication and filtration through a 0.22 lm PTFE mem-

brane into a 2 mL screw-capped sample vial. The molec-

ular ion identification is achieved using a ThermoFisher

ScientificTM Model Q ExactiveTM Hybrid Quadrupole-Or-

bitrap mass spectrometry (San Jose, CA, USA) equipped

with electrospray ionization (ESI) source coupled to an

UPLC binary pump, a diode array detector (DAD)

(200–650 nm range, 5 nm bandwidth) and an auto-sam-

pler. The column used for the reversed phase was

ACQUITY UPLC HSS T3 (1.8 lm, 2.1 9 150 mm). The

mobile phase used was consisted of LCMS grade water

(solvent A) and acetonitrile (solvent B) contained 0.1%

FA. The flow rate was 0.4 mL/min with the injection

volume of 2 lL and the column temperature was main-

tained at 40 �C. The gradient program started with 5-100%

solvent B from 0 to 35 min. The MS analytical conditions

were as follows: spray volt-pressure—4.0 kV; equipment

temperature—29 �C; capillary temperature—350 �C; aux-
iliary gas at 40 units; sheath gas at 80 units; scan range

150-1500 m/z and collision-induced dissociation (CID)

energy was adjusted to 30%. The data recorded and pro-

cessed using Thermo Xcalibur Qual Browser software 4.0.

Statistical analysis

The biological activity results were expressed as

mean ± standard deviation of three replicates. The analy-

sis of significant difference among the results were

obtained by analysis of variance (ANOVA) and correlation

analysis was done by Pearson’s correlation analysis using

Minitab software (Version 16, Minitab Inc., State College,

PA, USA).

Results and discussion

Total phenolic content

Phenolic compounds found in most plants and fruits are

beneficial for human diets due to their potential biological

activities. The TPC is an important indicator for deter-

mining the amounts of antioxidants present in samples

(Sanchez-Rabaneda et al., 2003). The TPCs of the tested

fruits extract are presented in Table 1; they varied from

8.97 to 147.99 mg GAE/g crude extracts. In this study, the

highest TPC was noted for L. leucocephala followed by C.

cauliflora and A. elliptica (122.04 and 113.73 mg GAE/g
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crude extract, respectively), meanwhile S. jambos had the

lowest TPC with no significant different (p[ 0.05) with S.

dulcis (9.65 mg GAE/g crude extract). The TPCs of F.

auriculata, M. caesia and M. calabura had a significant

different (p\ 0.05), with values of 65.72, 48.54, and

38.95 mg GAE/g crude extract, respectively. The study by

Chew et al. (2011) also reported the presence of TPC in

aqueous methanolic extract from L. leucocephala fruit.

However, the ethanolic extract in this study able to extract

better phenolic content from L. leucocephala than

methanolic extract. Moreover, 80% methanolic and ace-

tone extracts of S. jambos were also reported to have lower

TPC compared with current study (Hainida et al., 2009;

Saikia et al., 2016). The variation in the results with pre-

vious studies may be due to the differences in the types of

the phenolic compounds present in the diverse plant

materials and their solubility in various organic solvents

(Santhirasegaram et al., 2015). Variations of the extraction

method, temperature and time could also influence the

extraction efficiency of phenolic compounds (Abd Ghafar

et al., 2018).

DPPH free radical scavenging activity

The generation of free radicals in human biological sys-

tems is usually associated with the development of chronic

diseases; these free radicals can be scavenged by antioxi-

dant agents (Gomathi et al., 2013). The free radical scav-

enging activity of the eight neglected fruit extracts are

presented in Table 1. Interestingly, M. caesia and F.

auriculata extracts revealed strong antioxidant activity

with IC50 values of 4.55 and 7.74 lg/mL, respectively. In

contrast, Mirfat et al. (2016) and Puangpradab et al. (2018)

reported thatM. caesia and F. auriculata fruit extracts have

lower radical scavenging activity. The differences in

activity of these extracts might be due to the different

solvent system and method of extraction used. The present

study reveals that the efficiency of the sonication-assisted

extraction compared with shaking which can affect the

extractable bioactive compounds (Saifullah et al., 2020).

M. calabura showed IC50 value of 8.49 lg/mL with no

significant different (p[ 0.05) with F. auriculata. Mean-

while, S. dulcis and S. jambos demonstrated the lowest

activity with IC50 values of 27.14 and 24.44 lg/mL,

respectively, with no significant different between each

other (p[ 0.05). Pearson correlation analysis was con-

ducted to investigate the relationship between TPC and

antioxidant activity ofM. caesia and F. auriculata extracts.

Both extracts showed strong positive correlation between

TPC and free radical scavenging assay with R values of

0.70 and 1.00, respectively. This finding suggested that the

phenolic compounds in both extracts might contribute to

the antioxidant activity and was in agreement with previous

studies (Maity et al., 2013; Mediani et al., 2014; Yao et al.,

2004).

a-Glucosidase inhibitory activity

One of the enzymes involved in carbohydrates digestion is

a-glucosidase, which breaks down oligosaccharides and

disaccharides into absorbable monomers for intestinal

absorption (Anjum and Tripathi, 2019). Inhibition of this

enzyme can effectively reduce postprandial blood glucose

levels, especially in type 2 diabetic patients. The a-glu-
cosidase inhibitory activity of the extracts is presented in

Table 1. M. calabura and F. auriculata extracts showed

Table 1 Total phenolic content, DPPH free radical scavenging and a-glucosidase inhibitory activities of the fruits extract

Samples Total phenolic content

(mg GAE/crude extract)

DPPH radical scavenging

activity (IC50, lg/mL)

a-Glucosidase
inhibitory activity

(IC50, lg/mL)

M. calabura 38. 95 ± 3.45d 8.49 ± 0.24b 0.10 ± 0.01a

L. leucocephala 147.99 ± 2.60a 13.66 ± 0.55d 3.43 ± 0.05e

S. dulcis 9.65 ± 0.51e 27.14 ± 0.63f 4.73 ± 0.22f

S. jambos 8.97 ± 0.31e 24.44 ± 0.61e 0.67 ± 0.04b

M. caesia 48.54 ± 1.75d 4.55 ± 0.40a 23.93 ± 1.28 h

A. elliptica 113.73 ± 4.92b 13.45 ± 0.92d 1.17 ± 0.07c

C. cauliflora 122.04 ± 3.17b 11.33 ± 0.15c 3.01 ± 0.19d

F. auriculata 65.72 ± 2.18c 7.74 ± 0.42b 0.12 ± 0.01a

Quercetin – 7.77 ± 0.09b 6.04 ± 1.08 g

Values are the mean ± standard deviation of triplicates. Mean with different subscript letter indicates the samples are significantly different

(p\ 0.05)
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strong a-glucosidase inhibitory activity with IC50 values of

0.10 and 0.12 lg/mL, respectively, without a statistical

difference (p[ 0.05). Interestingly, the IC50 values shown

by most of the fruit extracts were lower than the quercetin

standard, with exception for M. caesia fruit (IC50 value of

23.93 lg/mL). The effectiveness of the inhibitory activity

towards a-glucosidase enzyme were as follows: M. cal-

abura[F. auriculata[ S. jambos[A. elliptica[C.

cauliflora[ L. leucocephala[ S. dulcis[M. caesia. The

antidiabetic activity of M. calabura fruit extract has been

supported by McCune et al. (2011) using a different assay.

They also reported that this fruit extract has the potential to

prevent diabetes, cancer, cardiovascular diseases and other

inflammatory diseases. Gomathi et al. (2013) also con-

cluded that M. calabura extract could be a potential source

of bioactive compounds for anti-inflammatory-related dis-

eases. The a-glucosidase inhibitory activity of different

polarity fractions of F. auriculata fruit also have been

reported by Anjum and Tripathi, (2019). The methanol

fraction of the extract showed a strong inhibition towards

a-glucosidase enzyme compared to the other fractions.

Pearson correlation analysis showed negative correlation

between TPC and a-glucosidase inhibitory activity of M.

calabura extract with R value of -0.42. This indicates that

another group of compounds could be the major contrib-

utor as a-glucosidase inhibitors of M. calabura or might

attributed due to synergistic effects of various compounds

(Nor-Azman et al., 2018). Meanwhile, F. auriculata

showed strong positive correlation (R value of 1.00) to the

a-glucosidase inhibitory activity, which implying the

presence of phenolic compounds in the extract responsible

for the bioactivity (Abd Ghafar et al., 2018; Anjum and

Tripathi, 2019).

Identification of compounds in the active fruit

extracts by UHPLC-MS/MS

M. caesia and F. auriculata fruit extracts exhibited the

most significant activity towards free radical scavenging

and a-glucosidase inhibitory, respectively as compared to

the other fruit extracts. Hence, M. caesia, and F. auriculata

fruit extracts were subjected to UHPLC-MS/MS analysis to

profile the metabolites present in the extracts in order to

obtain a better insight into the chemical constituents that

could be contributing to the activity. M. calabura fruit

extract was not analyzed due to inadequate amount of

sample.

In the MS analysis, generally the glycoside linkage gets

cleaved, resulting in the loss of several mass fragments at

m/z 176 amu (glucuronic acid), 162 amu (hexose, glucose,

galactose), 146 amu (deoxyhexose, rhamnose) and 132

amu (pentose, xylose, arabinose) (Maity et al., 2013). The

total ion chromatograms (TIC) of both fruit extracts are

presented in Fig. 1 (M. caesia) and Fig. 2 (F. auriculata),

while Table 2 (M. caesia) and Table 3 (F. auriculata)

summarizing the retention time (RT), MS/MS data and the

identified metabolites. For convenience, the peak numbers

were assigned to the respective compounds. A total of 65

metabolites from both fruit extracts were tentatively iden-

tified based on the mass fragmentation data in comparison

with literature and online databases. All the metabolites

that were detected and identified were in the negative ion

mode [M-H]-.

Metabolites profiling of M. caesia fruit extract

Peaks 1 and 2 were tentatively identified as caffeoyl glu-

cose and its isomer, respectively, with deprotonated

molecular ions both at m/z 341, which also provided the

same fragment ions at m/z 179, 89 and 59. These

metabolites exhibited fragmentation patterns with the loss

of the glucose moiety at m/z 179 (loss of m/z 162) and

were consistent with previous research (Santhirasegaram

et al., 2015). Peak 3 was assigned as monogalloyl glucose,

gave a deprotonated molecular ion at m/z 331 and yielded

fragment ions at m/z 169 (loss of glucose), which origi-

nated from gallic acid, 125 (loss of glucose ? CO2) and

107 (Santhirasegaram et al., 2015). Another galloyl

derivative is galloyl hexose, represented by peak 8 with a

deprotonated molecular ion at m/z 505 and characterized

by fragment ions at m/z 331 and 169 (Abu-Reidah et al.,

2015). Peaks 4 and 5 were assigned as gallic acid and its

isomer, respectively, based on the molecular ions at m/z

169 that further showed fragmentation at m/z 125 (loss of

COOH), 69 and 67, which was similar with previously

described (Abd Ghafar et al., 2018). Peaks 7 and 9 were

identified as quinic acid and its isomer, respectively, as

they gave an identical deprotonated molecular ion at m/z

191 and fragment ions at m/z 111, 87 and 85 (Santhi-

rasegaram et al., 2015). For peak 10 was identified as

tannic acid, the deprotonated molecular ion was found at

m/z 183 and displayed the MS/MS data at m/z 140, 124,

and 78 (Ertas et al., 2014). Peak 11 was tentatively iden-

tified as ellagic acid characterized by having a molecular

ion at m/z 300. This metabolite showed similar fragment

ions as previously reported at m/z 255 [M-H–CO2], 230

[M-H-CO2-CO], and 185 [M-H-2CO2-CO] (Santhi-

rasegaram et al., 2015). The deprotonated molecular ion for

peak 26 was observed at m/z 271 and was identified as

rubrofusarin. It gave the fragment ions at m/z 241, sug-

gesting the losses of carbonyl and further cleavage at m/z

227 and m/z 225 to lose methylene and phenolic hydroxy,

respectively (Fathalla et al., 2018). Peaks 33 and 34 were

identified as an unknown cinnamic acid derivative and a

cinnamic acid isomer, respectively. Both showed a pre-

cursor ion at m/z 304 and a product ion at m/z 146
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(cinnamic acid moiety) (Hofmann et al., 2016). Peak 35

was identified as isorhamnetin hexose-malic acid, which

showed a product ion at m/z 315, corresponding to the

neutral loss of hexose-malic acid moiety [M-H-278], that

provided the isorhamnetin aglycone (Abu-Reidah et al.,

2015).

Furthermore, 11 metabolites (peaks 14, 15, 17, 18, 19,

20, 22, 24, 31, 32 and 36) present in the extracts were

classified as flavonoids derivatives. For peak 14, the pre-

cursor ion was observed at m/z 465 and further fragmen-

tation at m/z 303 (loss of hexose) and 285 (loss of

hexose ? H2O) (Dias et al., 2010), hence, was tentatively

identified as 3,40,5,6,7-pentahydroxyflavone-O-hexoside.
The molecular ion of peak 15 was observed at m/z 925 and

identified as a dimer for peonidin-3-O-galactoside (m/z

463). Further fragment ions of this metabolite were con-

gruent with reported data at m/z 609 and 293 (Berardini

et al., 2005). Peaks 17 and 32 were assigned as gliricidin

and gliricidin-O-hexoside, respectively, with a deproto-

nated molecular ion at m/z 299 and 461, respectively. Peak

17 presented a molecular ion at m/z 299 and showed

fragment ions at m/z 256 and 175, similar to that previ-

ously reported by Ye et al. (2012) and was confirmed by

comparing with the reference standard in their study.

Meanwhile, peak 32 with m/z 461 as the precursor ion,

showed the MS/MS data corresponding to the loss of

hexose moiety at m/z 299 and the subsequent fragmenta-

tion pattern of gliricidin (Ye et al., 2012). Peaks 18 and 19

gave a molecular ion at m/z 449 and identical fragment

ions at 287 (loss of glucose) and 269 (loss of glu-

cose ? H2O) (Dias et al., 2010). Therefore, these peaks

were assigned as flavanomarein and its isomer, respec-

tively. Peak 20 was tentatively identified as rothindin

(psedopatigenin-7-O-glucoside), gave a deprotonated

molecular ion at m/z 443 and fragment ions at m/z 281

(loss of glucose moiety) as reported previously (Lin et al.,

Fig. 1 Total ion chromatogram

profile of 70% ethanol of M.
caesia fruit extract. For peak

assignments, see Table 2

Fig. 2 Total ion chromatogram

profile of 70% ethanol of F.
auriculata fruit extract. For

peak assignments, see Table 3
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2000). For peak 22, the precursor ion was observed at m/z

463 and characterized by product ions at m/z 316 (loss m/z

146) that corresponded to the loss of sugar moiety through

cleavage of the C-O bond and followed by m/z 271 due to

the loss of HCO2 (from m/z 316) (Kumar et al., 2015). This

peak was identified as myricitrin. In addition, peaks 24 and

31 were tentatively assigned as 3,7,30,40-tetrahydroxyfla-
vanone and butin, respectively. For peak 24, it gave a

deprotonated molecular ion at m/z 287 and yielded the

fragment ion due to the natural losses at m/z 269 [M-H-

H2O], m/z 243 [M-H-CO2] and m/z 161 (Ye et al., 2012).

Meanwhile, peak 31 presented a deprotonated molecular

ion at m/z 271 and exhibited a loss of sugar moiety at m/z

135. A similar fragment ion was observed in a previous

result reported by Jin et al. (2015), wherein this compound

was identified in comparison with butin standard. Fur-

thermore, peak 36 presented a molecular ion at m/z 267

and yielded MS/MS data at m/z 252 [M-H-CH3], which

suggesting that the presence of the methoxyl group, at m/z

223 (loss of CO2) and the ion at m/z 163 indicated that the

methoxyl group should be located at the ring B and sub-

sequently identified as formononetin (Ye et al., 2012). This

metabolite and its fragment ions were identified in com-

parison with the refence standard.

Quercetin derivatives have also been identified in M.

caesia fruit extracts. All these compounds displayed a

common fragmentation ion at m/z 271, corresponding to

the loss of CHO or H2CO (Kumar et al., 2015). They were

also identified by their characteristics fragment ion at m/z

151 through heterolytic cleavage. These compounds gen-

erally displayed fragmentation patterns due to the loss of

sugar moiety. For authentication, the molecular ion for

peak 16 was observed at m/z 303, which belong to dihy-

droquercetin, displayed fragment ions similar to those

described by Ye et al. (2012), and its product ion at m/z

285 indicated its flavonol type due to the neutral loss of 18

amu from the parent ion. Other quercetin derivatives were

also observed at peaks 21, 23, 25, 29 and 30. For peaks 21,

23 and 25, there was a quercetin fragment ion from the loss

of glucuronyl (m/z 176), glucosyl (m/z 162) and rhamnosyl

(m/z 146) moieties, respectively. Consequently, they were

tentatively identified as quercetin-O-hexoside, quercetin-

O-hexoside isomer and quercetin-3-O-rhamnoside,

respectively. Furthermore, both the observed peaks 29 and

30, had a molecular ion at m/z 301 and exhibited a similar

MS/MS spectrum as reported by Kumar et al. (2015).

Therefore, these peaks were assigned as quercetin and

quercetin isomer, respectively.

In addition, coumarin derivatives were observed in M.

caesia fruit extracts at peaks 6, 12 and 13. Peaks 6 and 13

presented a deprotonated molecular ion at m/z 174, which

were tentatively identified as 4-hydroxy-6-methylcoumarin

and its isomer, respectively. Further fragmentation patternsT
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of the compound at m/z 147 and 119 were observed, that

corresponded to the loss of CO and C2O2, respectively,

which was consistent with a previous reported (Abd Ghafar

et al., 2018). In addition, the deprotonated molecular ion at

m/z 175 for peak 12 displayed further product ions at m/z

148 [M-H-CO] and m/z 133, consequently assigned as

7-methoxycoumarin (herniarin), and the fragment ions

were confirmed in comparison with the study of Ahmad

and Misra, (1997) regarding the isolation of this compound

from Matricaria chamomilla flowers. In addition, kaemp-

ferol derivatives were identified in the extracts at peaks 27

and 28. Both of these metabolites presented a precursor ion

at m/z 431 and displayed identical common fragment ions

of kaempferol at m/z 285 (loss of rhamnose), m/z 255 (loss

of glucose moiety) and m/z 178. These fragmentations

were consistent with previously reported data (Zhou et al.

2018) and were identified as kaempferol-3-O-rhamnoside

and its isomer, respectively.

Metabolites profiling of F. auriculata fruit extracts

A total of 36 metabolites were tentatively identified in F.

auriculata fruit extract. Peaks 1, 7, 9, 3, 37, 6, 29 and 17

were assigned as caffeoyl glucose, quinic acid, quinic acid

isomer, monogalloyl glucose, monogalloyl glucose isomer,

4-hydroxy-6-methylcoumarin, quercetin and gliricidin,

respectively. Similarly, these compounds were identified in

M. caesia fruit extract and their MS/MS data were con-

sistent as previously described.

Peak 38 provided the molecular ion at m/z 353, which

was tentatively identified as chlorogenic acid (caf-

feoylquinic acid). This compound revealed the fragmen-

tation ions at m/z 191 [quinic acid-H], 179 [caffeic acid-H]

and subsequently the loss of CO2 from the transition of m/z

179 to m/z 135 (Hofmann et al., 2016). The deprotonated

molecular ion of peak 39 was observed at m/z 179, which

belonged to caffeic acid, and loss of CO2 was observed as a

characteristic ion at m/z 135 (Sanchez-Rabaneda et al.,

2003). In addition, 5-caffeoylquinic acid was assigned for

peak 40, which gave a precursor ion at m/z 353 and dis-

played similar MS/MS data reported at m/z 191, corre-

sponding to the deprotonated quinic acid (Dou et al., 2007).

For peak 55, the molecular ion at m/z 515 was identified as

dicaffeoylquinic acid, which has a characteristic ion of

caffeoylquinic acid (m/z 353), and further fragmented at

m/z 191(quinic acid), and 179 (caffeic acid) (Dias et al.,

2010). Peak 63 was suggested as caftaric acid as the

deprotonated molecular ion at m/z 311 and fragment ions at

m/z 179 [M-H-tartaric], 149 [M-H-caffeoyl], 133 and 115

were consistent with reported data (Abu-Reidah et al.,

2015). Peaks 64 and 65 were tentatively identified as aes-

culin and p-coumaroylhexose, respectively. The MS/MS

patterns were observed at m/z 339 as the precursor ion and

the product ion at m/z 177 for aesculin, suggesting the loss

of glucose moiety (m/z 162). Meanwhile, for p-

coumaroylhexose, the precursor ion was observed at m/z

325 and further fragmented at m/z 189 and 145, resulting

from the loss of glucose unit and m/z 163 belong to p-

coumaric acid, which were similarly to those described by

Kajdzanoska et al. (2010).

Six metabolites (peaks 42, 50, 51, 53, 54 and 29) were

identified as quercetin derivatives based on the presence of

aglycone fragment ions at m/z 301 and the characteristic

fragment ions at m/z 271 and 151 in their MS/MS spectra

(Kumar et al., 2015). Peak 42 presented a deprotonated

molecular ion at m/z 625 and fragment ions at m/z 463

(loss of glucose) and 301 (quercetin), which was identified

as quercetin-3,40-diglucoside. This metabolite exhibited the

loss of the two glucose moieties at m/z 324 and m/z 162

(Lawal et al., 2017). The molecular ion of peak 50 was

obtained at m/z 477 and displayed a fragment ion at m/z

301, indicating the loss of the glucuronic unit (176 amu).

Therefore, on the basis of this information, this peak was

assigned as quercetin-3-O-glucuronide, which was in

agreement with previously reported data (Barros et al.,

2014). Peaks 51, 53 and 54 were tentatively identified and

characterized as quercetin-3-O-glucoside, quercetin-3-O-

arabinoside and quercetin-3-O-arabinoside isomer, with a

deprotonated molecular ion at m/z 463 and 433, respec-

tively. These compounds exhibited similar fragment ions at

m/z 300, 271 and 255, which was consistent with a pre-

vious study by Kumar et al. (2015), corresponding to the

losses of glucuronyl (m/z 176), glucosyl (162) and rham-

nosyl (146) moieties.

Regarding apigenin derivatives, altogether four com-

pounds (peaks 48, 49, 52 and 62) were found in F. auric-

ulata fruit extracts. These metabolites showed the loss of

m/z at 120 and 90 in their MS/MS data, which is the

common fragmentation patterns of C-glycoside that cor-

responded to the cross-ring cleavages in the sugar moiety.

Peaks 48 and 49 were assigned as apigenin-8-C-glucoside

(vitexin) and apigenin-6-C-glucoside (isovitexin), respec-

tively. Both metabolites showed the same deprotonated

molecular ion at m/z 431 and fragmentation ions at m/z

341 (loss of m/z 90) and 311 (loss of m/z 120), which

provides evidence of the cross ring cleavage on the glucose

moiety of the molecules that produced 1,3 and 1,2 cross-

ring glucose attached to the apigenin aglycone, respec-

tively. These fragmentation ions were similar to those

reported in a previous study (Sanchez-Rabaneda et al.,

2003). The fragment ion that differentiate isovitexin and

vitexin was the ion observed at m/z 268 as reported by

Sanchez-Rabaneda et al. (2003). Peak 52 with a molecular

ion at m/z 431 was identified as apigenin-7-O-glucoside.

The fragmentation ion of this compound was observed at

m/z 269, resulting in the loss of glucose unit (162 amu)

123

Bioactivity of neglected fruit extracts 205



(Plazonic et al., 2009). Peak 62 with a deprotonated

molecular ion at m/z 269 was identified as apigenin. Fur-

ther fragmentation of this molecular ion gave two fragment

ions at m/z 225 and 151, which were reported as the base

peak for apigenin (Sanchez-Rabaneda et al., 2003).

Furthermore, three kaempferol and one myricetin

derivatives were also tentatively identified for peaks 41, 43,

59 and 56, respectively. Both the peaks 41 and 43 showed a

deprotonated molecular ion at m/z 593 and were assigned

as kaempferol-3-O-rutinoside and its isomer, respectively.

For authentication, these compounds were matched with an

authentic standard previously reported by Kumar et al.

(2015), which displayed a characteristic fragment at m/z

285 corresponding to the loss of sugar moiety. Peak 59 was

tentatively identified as kaempferol with a precursor ion at

m/z 285 and further fragmented at m/z 217, 151 and 133

which consistent with those described by Sanchez-Ra-

baneda et al. (2003). Myricetin derivative was observed at

peak 56, which was identified as myricetin-O-pentoside.

The mass spectra of this metabolite contain all m/z frag-

ments of the aglycone myricetin (m/z 287, m/z 151 and m/z

135), which corresponded to the loss of sugar units

(Hofmann et al., 2016).

Other flavonoid compounds were also found in this fruit

extract. Peak 44 showed a deprotonated molecular ion at

m/z 289 and yielded fragments ion at 245, which was

consistent with those reported for catechin (Sanchez-Ra-

baneda et al., 2003). Meanwhile, peak 45 gave a similar

precursor ion and fragmentation patterns as those of cate-

chin and was identified as epicatechin (catechin isomer).

These two metabolites showed a loss of the CH2CHOH-

group (at m/z 245). Peaks 46 and 47 were identified as

isoorientin and orientin, respectively, due to the similar

molecular ions at m/z 447 and the similar fragmentation

ions at m/z 357, 327, 297 and 285 (Sanchez-Rabaneda

et al., 2003). Both metabolites were characterized as C-

glycosides of luteolin based on the loss of the glucose unit

(m/z 90 and 120). The precursor ion for peak 57 was

presented at m/z 449 and the fragmentation ions at m/z 287

[M-H-hexose], as similarly described by Dias et al. (2010).

Hence, this peak was assigned as 3,50,50,7-tetrahydrox-
yflavanone-O-hexoside. Peaks 58 and 60 were identified as

luteolin and its isomer, respectively, due to the similar

deprotonated molecular ion at m/z 285 and the similar

fragmentation ions at m/z 175, 151, 133 and 107 as

reported previously (Sanchez-Rabaneda et al., 2003).

Characterization of the luteolin was compared to the

authentic standard compound, which showed product ions

at m/z 151 and 133 in the earlier study. Peak 61 was

assigned as epigallocatechin gallate as it gave a precursor

ion at m/z 457 and the fragmentation ions at m/z 169 and

305, corresponding to gallic acid and epigallocatechin,

respectively (Maity et al., 2013).

All the compounds identified in the fruit extracts of both

M. caesia and F. auriculata might fulfil the structure–ac-

tivity relationships for both activities. The differences in

the chemical structure of the compounds were closely

related to the various arrangement of the hydroxylation,

alkylation, methoxylation and glycosylation sites (Abd

Ghafar et al., 2018). In addition, substitutions, conjuga-

tions, and the degree of polymerization play important

roles in determining the nature of the metabolites (Yao

et al., 2004). Today, a greater number of studies are

focusing on the health aspects of phenolic compounds,

especially flavonoids constituents from plants. Numerous

epidemiological studies have suggested that consumption

of foods rich in phenolic compounds exhibited various

biological benefits, including antioxidants, anti-inflamma-

tory, antimicrobial and antiallergic and several other

properties as well (Santhirasegaram et al., 2015; Yao et al.,

2004). Therefore, the present study has demonstrated that

the metabolites identified in the extracts of M. caesia and

F. auriculata possess antioxidant activity and a-glucosi-
dase inhibitory activities, respectively.

Overall, this study showed that the eight selected fruits

demonstrated potential as natural sources of antioxidants

and a-glucosidase inhibitors. Among the fruits tested, M.

caesia showed a strong free radical scavenging activity,

while M. calabura and F. auriculata possessed strong a-
glucosidase inhibitory activity. In this report, 36 com-

pounds were tentatively identified from the M. caesia and

36 compounds were identified from F. auriculata, resulting

in a total of 65 different metabolites. The compounds

identified comprising a derivative of quercetin, apigenin,

kaempferol, myricetin, coumarin and phenolic acids.

However, more research needs to be conducted to show the

potential uses of these fruits as a natural antidiabetic agent,

as they can be incorporated into functional foods and

nutraceutical products.
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